tempt to increase the number of neurosurgeons in these countries, numerous residency, or other, less-formal training, programs have been created. Hospitals in countries such as Tanzania 25 and Uganda 8 serve as examples of such programs, but there remains a dearth of literature on the longitudinal efficacy of these programs and the presence of others. One recently published article on this topic demonstrates that, in the existing neurosurgery departments in SSA, physicians feel insufficiently prepared; 35% of survey responders report that they had inadequate training, 28% report no formal training program, and only 37% report adequate training. 20 The majority of the literature surrounding new or expanding neurosurgery departments in SSA revolves around the previously mentioned topics of supply and demand, training deficiencies, and barriers. It is equally important to study the effects that such new departments have, as they are often the product of international collaborations and have their own shares of failures and pitfalls. 12 In 2007, the Mulago National Referral Hospital (MNRH) of Kampala, Uganda, Duke University Medical Center (DUMC), and Duke Global Health Institute (DGHI) formed a neurosurgical twinning program whose effects have been empirically studied. 9 Notably, this partnership increased total neurosurgical cases, as well as their complexity and efficiency. Similarly, in 2012, a neurosurgery department with one neurosurgeon was founded at Mbarara Regional Referral Hospital (MRRH) to address local surgical need in this region. In January of 2015, one of the neurosurgeon graduates of the MNRH-Duke residency program joined MRRH on an intermittent basis. In this paper, we assess the ongoing progress and expansion of the neurosurgery department at MRRH over time as its caseload increases and the infrastructure and human resources improve.
Methods

Sample and Setting
This study is a time series analysis of retrospectively collected data. Patients admitted to MRRH with a neurosurgical condition between 2013 and 2015 were included in the study. MRRH has a neurosurgery department that was established in 2012, and it employs one full-time neurosurgeon. The department has an annual caseload of approximately 600-700, and 200-250 surgeries are performed per year. Further details about acquisition of data have been described elsewhere. 2 Approval for the study was obtained from Makerere University School of Medicine Research and Ethics Committee, Mbarara University of Science and Technology Research Ethics Committee, and Duke University Health System Institutional Review Board.
Study Design
A time series analysis is a method for analyzing longitudinal data. 21 An interrupted time series (ITS) includes an intervention, allowing the investigator to compare pre-and postintervention trends. The intervention in this study was implemented in January 2015. The preintervention period included 22 months (March 2013 to December 2014) and the postimplementation period spanned 10 months (January 2015 to October 2015). The intervention captures a capacity increase at MRRH. Also, a neurosurgery resident, graduate from the MNRH-DUMC-DGHI twinning residency program, began intermittent work at MRRH as a part-time neurosurgeon in January 2015. The new neurosurgeon was only responsible for performing surgeries once per week and was not involved in pre-or postoperative care. Prior to January 2015, MRRH had only one neurosurgeon.
Statistical Analysis
An ITS was performed using autoregressive integrated moving average (ARIMA) and segmented regression models to analyze the impact of our intervention on the overall mortality rate and the mortality rate for neurosurgery patients at MRRH. For the ARIMA model, the augmented Dickey-Fuller test was performed to assess for stationary data. Two differences were needed to achieve stationary data (p < 0.01). Next, Akaike's information criterion, bias-corrected Akaike's information criterion, and Bayesian information criterion were compared to identify the ARIMA model with the best fit. We used the ARIMA model to calculate the monthly decrease in mortality rate after the intervention. The segmented regression model allowed us to compare the monthly mortality rate before and after the intervention. By specifying a linear regression model for the pre-and postimplementation segments, we can calculate the monthly mortality trend before the intervention, the change in the level, and the trend following the intervention. Data management and statistical analyses were performed using R version 3.4.1.
Results
The number of patients admitted to the inpatient neurosurgery ward was 337 in 2013, 542 in 2014, and 625 in 2015 ( Table 1 . The ratio of males to females was about 3:1 for the duration of the study. Similarly, the ratio of adult to pediatric patients was also 3:1. The average age for adult patients was 36.6 years, and the average age for pediatric patients was 7.2 years. There was no significant difference in the patient demographic characteristics between the different years of the study.
The length of stay decreased each year of the study, from 10.67 days in 2013, to 8.83 days in 2014, and to 8.45 days in 2015. The admission Glasgow Coma Scale (GCS) score did change from 2013 to 2014. In 2013, the percentage of patients with an admission GCS score of 13-15, 9-12, and 3-8 was 47%, 26%, and 16%, respectively. In 2014, the percentage of patients with a GCS score of 13-15 increased to 57%, while the percentage with a GCS score of 9-12 decreased from 26% to 21%. The percentage of patients with a GCS score of 3-8 also decreased between 2013 and 2014 from 16% to 14%. The change in patient admission GCS score between 2013 and 2014 was significant (p = 0.027). The change in admission GCS score was not significant between 2014 and 2015 (p = 0.608).
Over the duration of the study, there were significant changes in the types of procedures performed. The procedures increasing in frequency were as follows: burr holes (p < 0.001), craniotomies (p < 0.001), spine surgeries (p < 0.001), ventriculostomies (p = 0.018), and other (p = 0.223); "other" includes surgical toilet and suturing (STS), myelomeningocele repairs, and cranioplasties. Despite the increasing patient volume and complexity of the procedures performed, the overall neurosurgery ward mortality rate and neurosurgical mortality rate decreased each year. In 2013, the overall mortality rate was 16.9%, and the neurosurgical mortality rate was 14.8%. These numbers decreased to 10.7% and 4.6%, respectively, in 2015.
There was no significant increase or decrease in hospital neurosurgery mortality rate prior to the intervention (Fig.  1) . Immediately after the intervention, the intercept did increase slightly; however, the finding was not significant ( Table 2 ). The slope for the mortality rate was significantly different from the preimplementation period, indicating a greater decrease in mortality rates after the intervention (Table 2 ). This decrease in mortality rate occurred despite increasing patient volumes at the hospital (Fig. 2) . The ARIMA model suggested about a 3% decrease in mortality rate each month after the intervention (Table 2) . Finally, the seasonality plot (Fig. 3) shows that the hospital mortality rate decreased during the summer and fall of 2013 and 2015 but increased during these seasons in 2014.
Discussion
In addition to the rising burden of surgical disease, especially traumatic brain injuries, 1, 22, 23 the lack of qualified surgical personnel remains one of the greatest challenges in resource-poor settings. 3, 7, 14, 17 In this interrupted time series analysis study, we look at the trends of neurosurgical care and the effects of adding a part-time neurosurgeon at a regional referral hospital. Previous studies investigating similar partnerships have measured impact through provider skills and confidence levels pre-and postintervention. 16 We were able to gather data and quantify the impact on a patient outcome level, which showed a significant reduction in the neurosurgical mortality rate at Mbarara Regional Referral Hospital. Our analysis revealed an annual significant increase in the number of neurosurgery patients from 2013 to 2015, as well as a significant increase in the number of surgeries performed each year. This increase in volume was accompanied by a decline in overall and surgical mortality rates. When comparing the mortality rates pre-and postintervention, adding a part-time neurosurgeon had a significant effect. There was a significant decline in mortality rate following the intervention.
These results are echoed by Kushner et al., whose study In our investigation, neurosurgical cases increased from 61 to 173 during the study period. This demonstrates that even a slight increase in human resources-in our case a part-time neurosurgeon who operates once a week-has a tremendous effect on access to surgical care and caseload supported by a health system. Secondary variables may also contribute to this trend in higher case volume. For example, there may be an increase in number of referrals or patients seeking care, as the hospital becomes more recognized for its neurosurgery department. Our study demonstrates a strong negative correlation between the annual number of cases and overall mortality. This relationship between hospital volume and outcome has been demonstrated clearly in prior literature. 4, 10, 11, 15 The inverse relationship between volume and mortality may be explained by the impact of experience. The clinical staff becomes more experienced and familiar with the cases as the volume increases. This includes nursing staff, ancillary workers, and other providers, who gain more opportunities to develop triaging and critical care skills. This domino effect ultimately improves the quality of care and leads to better outcomes, assuming an appropriate staff-to-patient ratio is maintained. Surgeons themselves become more competent and confident as they become more experienced and are better equipped to manage complications and take on complex cases. It is clear that investing in hospital infrastructure, personnel, and equipment not only increases access to surgical care but also improves outcomes.
The seasonality analysis in this study shows a slight increase in the mortality rate during the summer months. We hypothesize the reason for this to be the lack of rotating residents during these months, leading to decreased workforce and ultimately worse outcomes. Further studies to explore this hypothesis, however, are necessary.
The main limitations of this study result from data quality and collection constraints inherent in paper-based hospital record keeping. Inconsistent recording and storage of data limited the preimplementation period to 22 months. The postimplementation period was only 10 months due to a change in the method used to collect data during the end of 2015. Our postimplementation period of 10 months is 2 months fewer than the general recommendation for using segmented regressions. To appreciate the seasonality of a time series, the literature suggests at least 24 monthly data points. 24 As a result, our study analysis captures seasonality for the entire study period, but it does not do so for the pre-and postimplementation periods separately. Moreover, we limited our analysis to mortality outcomes, and the data constraints limited our ability to obtain functional short-and long-term outcomes. Additionally, it should be recognized that these large results and trends are multifactorial and multidisciplinary. Some confounders do exist. For example, during this time, hospital renovations occurred, which may have increased the bed capacity. In 2014, a new CT scanner was installed, and several general surgery resident camps may also have been responsible for volume increase. Overall, the exact causes and effects cannot be elucidated, but rather we can infer the general effect that a new neurosurgeon may have on an entire health system, and likely it will require repetition of results and continued follow-up and analysis.
Notwithstanding these limitations, the implications for this work are broad and far reaching. In a time when there is more enthusiasm for global outreach than ever before, interventions and impact need to be scrutinized for their efficacy and sustainability. History has exposed that even the most well-intentioned efforts have gone awry and had unexpected negative consequences. Sustainable solutions such as this demonstrate that an increase in key healthcare providers can increase overall surgical capacity, which in turn nurtures the growth of an entire health system.
Conclusions
This study explores the trends of neurosurgical care in Western Uganda and the longitudinal impact of the neurosurgery residency formed through the DUMC-MNRH partnership. The interrupted time series analysis provides empirical evidence supporting investment in hospital infrastructure and human resources. It shows improving trends in neurosurgical care at a regional referral hospital in Western Uganda as the department continues to grow and the system continues to improve. Additional prospective studies assessing factors affecting seasonality of mortality and long-term outcomes are needed.
